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%RQH VFDIIROGV PXVW KDYH DQ DSSURSULDWH SRURVLW\ UDQJH ZLWK DQ LQWHUFRQQHFWHG DQG RSHQ SRURVLW\ DQG KDYH D ELRGHJUDGDEOH UDWH DQG
PHFKDQLFDOSURSHUWLHVWKDWPDWFKWKHLQMXUHGWLVVXH7KHXVHRIFRPPHUFLDOO\DYDLODEOHDQGORZFRVW'SULQWLQJPDFKLQHVRIIHUVWKHDELOLW\WR
IXOILOWKHVHUHTXLUHPHQWV7KHUHIRUHRQHRIWKHDLPVRIWKLVVWXG\ZDVWRPDQXIDFWXUHD3/$VFDIIROGE\DWZRVWHSURXWH'SULQWLQJRID
3/$SRURXVEDUDQG ODVHUFXW3/$VFDIIROGV IURP WKH'SULQWHGEDU/DVHUFXWWLQJGLGQRWFDXVHDQ\VLJQLILFDQWGHJUDGDWLRQ LVVXHVDQG
VFDQQLQJHOHFWURQPLFURVFRS\VKRZHG WKDW'VFDIIROGVKDGFRPSOHWHO\ LQWHUFRQQHFWHGDQGXQLIRUPRSHQSRURVLW\ZLWKSRUH VL]HEHWZHHQ
aWRȝPLQERWKD[LDODQGWUDQVYHUVDOGLUHFWLRQ&RQYHUVHO\PHFKDQLFDOWHVWRI3/$VFDIIROGLQGLFDWHGWKDWERWKFRPSUHVVLYHPRGXOXV











H[SHFWDQF\ ULVHV &ULWLFDO VL]H ERQH GHIHFWV FDQQRW XQGHUJR
VHOIKHDOLQJWKXVDQLQWHUYHQWLRQLVUHTXLUHGWRUHVWRUHQRUPDO
RSHUDWLRQV$XWRJUDIWVERQHKDUYHVWHGIURPWKHSDWLHQWERG\
DQG DOORJUDIWV ERQH KDUYHVWHG IURP D GRQRU DUH DPRQJ WKH
FXUUHQW SURFHGXUHV DQG DUH RIWHQ DVVRFLDWHG ZLWK GRQRU




2QH RI WKH PRVW LPSRUWDQW DSSURDFKHV RI WKH GHYHORSLQJ




KDYH WKH DSSURSULDWH SRURVLW\ UDQJH DQG LQWHUFRQQHFWLYLW\
UHDGLO\ DYDLODEOH DQG HDV\ WR PDQXIDFWXUH >@  6HYHUDO
JURXSV KDYH UHSRUWHG WKH LPSRUWDQFHRI VFDIIROGSRUH VL]H LQ
VXFFHVVIXOERQHLQJURZWK>@6FDIIROGVZLWKSRUHVELJJHUWKDQ
 P ZHUH DVVRFLDWHG ZLWK JUHDWHU SHQHWUDWLRQ RI
PLQHUDOL]HG WLVVXH DQG FHOO PLJUDWLRQ WRZDUGV WKH VFDIIROG
FHQWHU VWLPXODWLQJ  QXWULHQW VXSSO\ DQG ZDVWH SURGXFWV
UHPRYDO > @ )XUWKHUPRUH D ERQH VFDIIROG PXVW SURYLGH
PHFKDQLFDOO\ IXQFWLRQDOLW\ DQG VWDELOLW\ DOORZLQJ HDUO\ SRVW
RSHUDWLYHIXQFWLRQXQGHUSK\VLRORJLFORDGLQJFRQGLWLRQV
7KH XVH RI $GGLWLYH 0DQXIDFWXULQJ $0 IRU WLVVXH
HQJLQHHULQJKDVEHHQJURZLQJ LQUHFHQW\HDUVE\RYHUFRPLQJ
VRPH OLPLWDWLRQV RI FRQYHQWLRQDO VFDIIROG IDEULFDWLRQ
WHFKQLTXHV>@)RU LQVWDQFH IXVHGILODPHQWIDEULFDWLRQ)))
RIIHUV WKH DELOLW\ WR GLUHFWO\ SULQW ' SRURXV VFDIIROGV ZLWK
SUHGHVLJQHG VKDSH VROYHQWIUHH FRQWUROOHG SRUH VL]H DQG
LQWHUFRQQHFWHG SRURVLW\ %DVHG RQ FRPSXWHUDLGHG GHVLJQ
&$'PRGHOV'SULQWHUVFDQHDVLO\IDEULFDWHDSUHGHVLJQHG
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SDWLHQW VSHFLILF WLVVXH FRQVWUXFW LQ D OD\HUE\OD\HU IDVKLRQ
0RUHRYHU FRPPHUFLDOO\ DYDLODEOH ))) PDFKLQHV FDQ EH
FRQVLGHUHG D ORZ FRVW V\VWHP ZKHQ FRPSDUHG WR RWKHU $0
WHFKQLTXHV +RZHYHU RQH RI WKH GUDZEDFNV RI WKH )))
SURFHVV LV WKDW IDEULFDWHG ' SRURXV VFDIIROGV DUH RIWHQ
FKDUDFWHULVHG E\ FORVHG HGJHV LQVWHDG RI RSHQ SRURVLW\ $W
WLPH RI VFDIIROG LPSODQWDWLRQ WKHVH FORVHG HGJHV FDQ DIIHFW
FHOOELRPDWHULDO LQWHUDFWLRQE\GHFUHDVLQJQXWULHQWVDQGZDVWH
SURGXFWVIORZDQGDIIHFWLQJYDVFXODUL]DWLRQZKLFKLVHVVHQWLDO
IRU WLVVXH JURZWK 7KH FXUUHQW VROXWLRQ IRU DFKLHYLQJ D
VWUXFWXUH ZLWK VXUURXQGLQJ RSHQ SRUHV LQYROYHV FXWWLQJ WKH
HGJHVRIWKHIDEULFDWHGVFDIIROG>@
/DVHUFXWWLQJFDQRIIHUDQHIIHFWLYHSUHFLVHDQGIDVWVROXWLRQ
IRU REWDLQLQJ VFDIIROGVZLWK GHVLUHGVKDSH DQG RSHQ SRURVLW\
IURPDSUHIDEULFDWHG'SULQWHGSRURXVEDU
7KHUHIRUH WKH DLP RI WKLV VWXG\ ZDV WR PDQXIDFWXUH D
VFDIIROG E\ D WZRVWHS URXWH  'SULQWLQJ RI D SRURXV EDU
ZLWK D FRPPHUFLDOO\ DYDLODEOH ))) PDFKLQH DQG  ODVHU
FXWWLQJVPDOOHUVFDIIROGVIURPWKH'SULQWHGEDU
3RO\ODFWLFDFLG3/$ZDVWKHPDWHULDOXVHGWRHYDOXDWHWKH
DSSURDFK  3/$ LV D UHFRJQL]HG ELRPDWHULDO ZKLFK FDQ EH
SURFHVVHG XVLQJ ))) 7R GHWHUPLQH WKH DSSOLFDELOLW\ RI WKH
IDEULFDWHG VFDIIROGV IRU ERQH WLVVXH HQJLQHHULQJPRUSKRORJ\
DQGPHFKDQLFDOEHKDYLRXUZHUHDVVHVVHG
$NH\LVVXHZKHQFKRRVLQJDPDWHULDOIRUWHPSRUDU\WLVVXH
HQJLQHHULQJ WHPSODWHV LV LWV GHJUDGDWLRQ UDWH ,W LV KLJKO\
GHVLUDEOHWRHQVXUHWKDWWKHGHJUDGDWLRQUDWHPDWFKHVWKHVSHHG
RI QHZ WLVVXH UHJHQHUDWLRQ DW WKH GHIHFW VLWH 7KHUHIRUH D
SUHOLPLQDU\ LQYLWURGHJUDGDWLRQVWXG\ LQ3%6DW&RI WKH
IDEULFDWHG3/$VFDIIROGVZDVFDUULHGRXW

2. Materials and Methods 
  
0DWHULDO
$ SRO\ODFWLF DFLG PP ILODPHQW 3/$ '
1DWXUH:RUNVZLWKDQ/ODFWLGH'ODFWLGHUDWLRRIDQG
D GHQVLW\ RI  JFP ZDV WKH PDWHULDO XVHG IRU WKH










SRURXV EDUV ZLWK  [  [ PP ZLWK D FRPPHUFLDOO\
DYDLODEOH ))) PDFKLQH 8OWLPDNHU  7KHQ GLVFV ZLWK 
PP ZHUH ODVHU FXW /6 +3& /DVHU /7' IURP WKH
SULQWHGEDUV 7KHSURFHVVLQJ FRQGLWLRQV XVHG WR FXW WKH3/$
UHFWDQJXODUSRURXVSODWHVZHUHIRXQGWREHWRFXWWZLFHZLWKD
ODVHUVSHHGDQGSRZHURIPPVDQG:UHVSHFWLYHO\
7KH ))) SULQWLQJ SURFHVV FDQ EH GLYLGHG LQ  VWHSV $
GHVLJQ RI WKH ' PRGHO &$' VRIWZDUH E\ FRPELQLQJ
SRURXVOD\HUVPPWKLFNZLWKGHJUHHVRULHQWDWLRQLQ
UHVSHFW WR WKH [D[LV LQZKLFK HDFK OD\HU FRQVLVW RI SDUDOOHO
ILODPHQWV VHSDUDWHG E\ D VSHFLILF JDS GHVLJQHG WR EH 
PPZKLFKLVWKHSRUHVL]H36RIWKHSULQWHGSDUW%WKH'
PRGHO LQ67/ IRUPDW ILOH LV H[SRUWHG WR WKH VOLFLQJ VRIWZDUH
&XUD IURP 8OWLPDNHU ZDV XVHG LQ WKLV VWXG\ ZKHUH LW LV
VOLFHG LQWR KRUL]RQWDO OD\HUV ZLWK D GHILQHG WKLFNQHVV RI 
PPUHVXOWLQJLQD³VOLFHSHUOD\HU´DSSURDFK$WWKHHQGRI
EXLOG VWHS D JFRGH ILOH LV FUHDWHG ZKLFK FRQWDLQV WKH
SDWKFRRUGLQDWHV WKDQ FDQ EH UHFRJQL]HG E\ WKH SULQWHU WR
IDEULFDWH WKH ' PRGHO & ILQDOO\ WKH JFRGH LV VHQW WR WKH
SULQWHU ZKLFK XVHV D WHPSHUDWXUH FRQWUROOHG QR]]OH 
PP WR H[WUXGH WKH 3/$ DQG GHSRVLW WKH VHPLPROWHQ
PDWHULDO RQWR D SODWIRUP LQ D OD\HU E\ OD\HU SURFHVV 7KH
ILODPHQWLVPRYHGE\WZRUROOHUVDQGDFWVDVDSLVWRQWRGULYH
WKHVHPLPROWHQPDWHULDO$WWKHHQGRIHDFKILQLVKHGOD\HUWKH
SODWIRUP LV ORZHUHG DQG WKH QH[W OD\HU LV GHSRVLWHG 7KH
GHVLJQHG REMHFW LV IDEULFDWHG EDVHG VROHO\ RQ WKH SUHFLVH
GHSRVLWLRQ RI WKLQ OD\HUV WKDW DUHPDGH RI SDUDOOHO ILODPHQWV
GHSRVLWHG LQ ; DQG < GLUHFWLRQV $Q DSSUR[LPDWHO\ FXEH
VKDSHGSRURXVVWUXFWXUHZDVIDYRXUHGWRJLYHDVWUXFWXUHZLWK
HTXLYDOHQWDFFHVVLELOLW\IURPDOOWKUHHPDMRUD[HV3DUDPHWHUV
VXFK DV SULQWLQJ VSHHG DQG SULQWLQJ WHPSHUDWXUH QHHG WR EH
FDUHIXOO\ FKRVHQ WR DFKLHYH D FRQVWDQW IORZ UDWH DQG
FRQVHTXHQWO\DFRQVWDQWILODPHQWZLGWK):ZLWKDPLQLPDO
IDEULFDWLRQ WLPH $IWHU SHUIRUPLQJ D SUHOLPLQDU\ VWXG\ WR
DVVHVV WKH EHVW FRPELQDWLRQ RI SULQWLQJ SDUHPHWHUV WKH


























'XH WR WKH VKHDU VWUHVVHV DQG PHOWLQJ SURFHVV WKDW RFFXU
GXULQJSULQWLQJDQG ODVHUFXWWLQJSURFHVVHV3/$GHJUDGDWLRQ
PD\ RFFXU GXULQJ SURFHVVLQJ 7KHUHIRUH 3/$ VDPSOHV ZHUH
H[WUDFWHGDWWKHWKUHH3/$VWDJHVGXULQJVFDIIROGVIDEULFDWLRQ
3/$ ILODPHQW 3ULQWHG3/$DQG/DVHU FXW3/$DQG
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WKHLU PROHFXODU ZHLJKW 0Z DQG WKHUPDO SURSHUWLHV ZHUH
LQYHVWLJDWHG
3/$ VDPSOHV PROHFXODU ZHLJKW 0Z GLVWULEXWLRQ ZDV
GHWHUPLQHG ZLWK JHO SHUPHDWLRQ FKURPDWRJUDSK *3&
HTXLSSHG ZLWK D UHIUDFWLYH LQGH[ 5, GHWHFWRU 9LVFRWHN
9(7KHVDPSOHVZHUHGLVVROYHGLQGLPHWK\OIRUPDPLGH
DQG HOXWHG LQ D VHULHV RI FRQILJXUDWLRQV WKURXJK D 6W\UDJHO
FROXPQ UHIUDFWRU :DWHUV DW D IORZ UDWH RI  P/ PLQ
3RO\VW\UHQH 36 VWDQGDUGV ZHUH XVHG IRU GHWHUPLQLQJ WKH
ZHLJKW DYHUDJH PROHFXODU ZHLJKW 0Z DQG SRO\GLVSHUVLW\
LQGH[3',
7KHUPDO SURSHUWLHV ZHUH GHWHUPLQHG E\ XVLQJ D WKHUPDO
DQDO\VHU V\VWHP /$%6<6 (YR 6HWDUDP 6DPSOHV RI
DSSUR[LPDWHO\PJZHUHORDGHGLQDOXPLQLXPSDQVDQG
DQHPSW\DOXPLQLXPSDQZLWKWKHVDPHZHLJKWDVWKHVDPSOH
SDQ ZDV XVHG DV UHIHUHQFH 7KH VDPSOHV ZHUH KHDWHG IURP
& WR & DW D UDWH RI  & PLQ XQGHU D POPLQ
QLWURJHQ DWPRVSKHUH 0HOWLQJ WHPSHUDWXUHV 7P ZHUH
REWDLQHG DW WKH SHDN RI PHOWLQJ HQGRWKHUPV DQG JODVV









$V KLJKOLJKWHG LQ )LJ IURP WKH WRS YLHZ LPDJHV SRUH
VL]H 36 DQG ILODPHQW ZLGWK ): LQ WKH ;<D[HV ZHUH
PHDVXUHGIRUWKHWRSOD\HUZLWKWKLVDVVXPHGWREHLQGLFDWLYH
RISRUHVL]HVLQWKH;<SODQHWKURXJKRXWWKHVWUXFWXUH7KH36
LQ ;=D[HV RU 36 LQ WKH WUDQVYHUVDO GLUHFWLRQ ZDV PHDVXUHG
IURPWKHFURVVVHFWLRQLPDJHVDIWHUFXWWLQJWKHVDPSOHZLWKD
VFDOSHO7KH36DQG):YDOXHVZHUHREWDLQHGE\DQDYHUDJH













Fig.2. 3D model of porous structure with: Top view or XY axes and b) 
Cross section or XZ axes with a 3-layer approach.  PS=pore size and 
FW= filament width.
7KH DYHUDJH VFDIIROG SRURVLW\ 3 ZDV HYDOXDWHG E\ WKH
IROORZLQJ(T

ܲ ൌ ͳ െ ߩ௦௖௔௙௙௢௟ௗȀߩ௠௔௧௘௥௜௔௟

:KHUHߩ݉ܽݐ݁ݎ݈݅ܽLVWKHGHQVLW\RIWKHPDWHULDORIZKLFKWKH
VFDIIROG LV IDEULFDWHG 3/$ GHQVLW\   JFP DQG
ߩݏ݂݂ܿܽ݋݈݀LV WKH DSSDUHQW GHQVLW\RI WKH VFDIIROGPHDVXUHG
E\GLYLGLQJWKHZHLJKWE\WKHYROXPHRIWKHVFDIIROG>@
&RPSUHVVLRQ SURSHUWLHV RI SRURXV 3/$ VDPSOHV DW
GLIIHUHQW VWDJHV RI VFDIIROG IDEULFDWLRQ ZHUH LQYHVWLJDWHG WR
DVVHVV WKH LQIOXHQFH RI SURFHVVLQJ RQ WKH PHFKDQLFDO
EHKDYLRXU &RPSUHVVLRQ VDPSOHV [[PP ZHUH
SUHSDUHGZLWKURXWHVSRURXVVDPSOHVZHUH'SULQWHGDV
H[SODLQHG LQ )LJ ))) SURFHVV DQG  VDPSOHV ZHUH ODVHU
FXW IURPSULQWHGSRURXVEDUV$ WKLUGJURXSRI3/$VDPSOHV
ZLWKDQRWLRQDOO\ IXOO\GHQVH VWUXFWXUHZHUHDOVRSULQWHGDQG
WHVWHG WR REWDLQ WKH PDWHULDO FRPSUHVVLYH SURSHUWLHV UDWKHU
WKDQ WKH DSSDUHQWVWUXFWXUDO FRPSUHVVLYH SURSHUWLHV $OO
VDPSOHV JURXSV ZHUH WHVWHG XQGHU D[LDO FRPSUHVVLRQ E\
ORDGLQJ DW D VSHHG RI PPV ZLWK D  N1 ORDG FHOO XS WR D
VWUDLQOHYHORIDSSUR[LPDWHO\7KHFRPSUHVVLRQPRGXOXV
ZDVFDOFXODWHGIURPWKHVWUHVVVWUDLQFXUYHDVWKHVORSHRIWKH
LQLWLDO OLQHDU SRUWLRQ RI WKH FXUYH &RPSUHVVLYH VWUHQJWK DW
\LHOGZDVGHWHUPLQHG IURPWKHILUVWSRLQWRQ WKHVWUHVVVWUDLQ
FXUYHDWZKLFKDQLQFUHDVHLQVWUDLQZDVREVHUYHGZLWKRXWDQ
LQFUHDVH LQ VWUHVV 7KH FRPSUHVVLRQ PRGXOXV DQG \LHOG
VWUHQJWK IRUDQ\JLYHQVHWRI VSHFLPHQVZHUHREWDLQHGE\ DQ
DYHUDJH RI ILYH PHDVXUHPHQWV DQG H[SUHVVHG DV PHDQ 
VWDQGDUGGHYLDWLRQ6'
,QYLWURGHJUDGDWLRQVWXG\RI3/$6FDIIROG
$Q LQ YLWUR GHJUDGDWLRQ VWXG\ RI WKH SRURXV 3/$ VFDIIROGV
ODVHU FXW IURPSULQWHG EDUZDV FDUULHG RXW LQ 3%6 VROXWLRQ
XQGHU S+  DW &  %HIRUH LPPHUVLRQ WKH VDPSOHV ZHUH
WUHDWHG ZLWK DLU SODVPD E\ SODFLQJ WKH VFDIIROGV LQ D
UDGLRIUHTXHQF\ SODVPD FKDPEHU 3'&*+DUULFN3ODVPD
86$ IRU  PLQXWHV ZLWK D PHGLXP LQIORZ RI DLU 3ODVPD
FOHDQLQJ ZDV DSSOLHG LQ RUGHU WR REWDLQ D PRUH K\GURSKLOLF
3/$ VXUIDFH LPSURYLQJ VDPSOH ZHWWLQJ XSRQ LPPHUVLRQ
$IWHUZDUGV WKH VDPSOHV ZHUH SODFHG LQ PO ZHLJKLQJ YLDOV
FRQWDLQLQJPO3%6VROXWLRQDQGZHUHVWRUHGLQDQLQFXEDWRU
DW&IRUXSWRZHHNV$WZHHNO\LQWHUYDOVWKHS+RIWKH
3%6 VROXWLRQ ZDV PHDVXUHG E\ S+PHWHU DQG WKHQ UHSODFHG
ZLWKIUHVK3%6$WDSSUR[LPDWHO\ZHHNLQWHUYDOVVDPSOHV
RI HDFK VFDIIROG W\SH ZHUH UHPRYHG IURP WKH YLDOV IRU
FKDUDFWHUL]DWLRQ &KDUDFWHULVDWLRQ RI VDPSOHV FRQVLVWHG LQ
DVVHVVLQJ WKH FRPSUHVVLYH SURSHUWLHV ZLWK VDPSOHV VWLOO LQ D
ZHW VWDWH ZLWK WKHSURFHGXUHGHVFULEHGSUHYLRXVO\ LQVHFWLRQ
  'XH WR WKH GHVWUXFWLYH QDWXUH RI FRPSUHVVLRQ WHVWLQJ
DQRWKHUJURXSRIVDPSOHVZDVYDFXXPGULHGIRUKDQGZDV
FKDUDFWHUL]HG LQ WHUPV RI PROHFXODU ZHLJKW ZLWK WKH
SURFHGXUHGHVFULEHGLQVHFWLRQDQGWKHVDPSOHGU\ZHLJKW






















EH REVHUYHG WKDW WKH 0Z YDOXH RI 3/$ GHFUHDVHG
DSSUR[LPDWHO\  GXULQJ ))) SURFHVVLQJ 7KH VDPH WUHQG
ZDV VHHQ IRU WKH JODVV WUDQVLWLRQ WHPSHUDWXUH WKDW KDV










VFDIIROG DUH SUHVHQWHG LQ )LJ  )URP ERWK YLHZV LW LV
SRVVLEOH WR REVHUYH D XQLIRUP SRUH GLVWULEXWLRQ DQG ZHOO
GHILQHG JHRPHWU\ $OVR LQ WKH FURVV VHFWLRQ YLHZ WKH
VFDIIROGV ZHUH FKDUDFWHULVHG E\ D JRRG LQWHUOD\HU DGKHVLRQ























3/$ VFDIIROG LV UHSUHVHQWHG LQ )LJ 7KUHH VWDJHV ZHUH




















:KHQFRPSDULQJ WKH LQIOXHQFHRI WKH VWUXFWXUDO SURSHUWLHV
































 0Z 3', 7J 7P
3/$)LODPHQW    
3/$3ULQWHG%DU    
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,QYLWURGHJUDGDWLRQEHKDYLRU
7KH S+YDULDWLRQ GXULQJ WKH LQ YLWUR GHJUDGDWLRQ VWXG\ LV
VKRZQLQ)LJ,WKDVUHPDLQHGXQFKDQJHGIRUXSWRZHHNV
DURXQGLWVLQLWLDOYDOXHS+a$WZHHNWKHS+GHFUHDVHGWR
a DQG LW UHPDLQHG DURXQG WKLV YDOXH XQWLO WKH HQG RI 

















7KH 0: DQG FRPSUHVVLYH SURSHUWLHV HYROXWLRQ DUH
LOOXVWUDWHGLQ)LJ$&7KHFRPSUHVVLYHSURSHUWLHVUHPDLQHG
FRQVWDQW GXULQJ  ZHHNV +RZHYHU DW ZHHN  WKHUH ZDV D
VLJQLILFDQW LQFUHDVH LQ WKH FRPSUHVVLYH PRGXOXV IURP a
03D WR a 03D 7KH PROHFXODU ZHLJKW 0: RI 3/$












































$GHFUHDVH LQ WKHJODVV WUDQVLWLRQ WHPSHUDWXUHGXULQJ3/$
)))IDEULFDWLRQZDVDOVRREVHUYHGE\'LHWPDUHWDO >@FDQ
EHDWWULEXWHG WRGHJUDGDWLRQRI WKHSRO\PHUGXULQJH[WUXVLRQ
7KH GHFUHDVHG PROHFXODU ZHLJKW DIWHU SURFHVVLQJ FRXOG
DFFHOHUDWHWKHLQYLYRGHJUDGDWLRQUDWH
3/$VFDIIROG0RUSKRORJ\DQG0HFKDQLFDO%HKDYLRXU
7KHRUHWLFDOO\ WKH H[WUXGHG ): VKRXOG DFFRUG ZLWK WKH
QR]]OHGLDPHWHUZKLFKZDVPPIRUWKH)))PDFKLQHXVHG
LQ WKLV ZRUN RU LW VKRXOG EH VOLJKWO\ KLJKHU > @ )RU




+RTXH HW DO >@ ZKR KDYH REVHUYHG WKH VDPH ZKHQ
H[WUXGLQJ3/*$7KH36ZLGWKLQ;<RIaPPYVWKH³DV
GHVLJQHG´  PP FDQ EH H[SODLQHG E\ WKH LQFUHDVHG
REWDLQHG):YDOXHDVWKHVXPRI)'DQG36ZLOOEHFRQVWDQW
7KH PHFKDQLFDO SURSHUWLHV RI ' VWUXFWXUHV DUH DQ
LPSRUWDQWIHDWXUHZKHQFRQVLGHULQJWKHVFDIIROGDSSOLFDWLRQLQ
ERQH WLVVXH HQJLQHHULQJ ,Q WKLV VWXG\ WKH 3/$ VFDIIROG
FRPSUHVVLRQ EHKDYLRU ZDV LQYHVWLJDWHG DQG WKUHH UHJLPHV
ZHUHREVHUYHGDVVKRZQLQ)LJ(DFKUHJLPHFRUUHVSRQGVWR
D VSHFLILF PHFKDQLVP RI FHOO GHIRUPDWLRQ DV KLJKOLJKWHG E\
WKHVFKHPDWLFGHVLJQVRIDSRURXVVWUXFWXUHQH[WWRHDFKVWDJH





DQG IXUWKHUGHIRUPDWLRQ FRPSUHVVLQJ WKHPDWHULDO LWVHOI7KH
FRPSUHVVLRQ EHKDYLRXU IRXQG LQ WKLV ZRUN DJUHHV ZLWK WKH
EHKDYLRU REVHUYHG LQ RWKHU SRO\PHULF VFDIIROG VWXGLHV >
@
$FFRUGLQJ WR WKH FRPSUHVVLRQ WHVW UHVXOWV VXPPDUL]HG LQ
)LJ3/$ODVHUFXWWLQJSURFHVVOHGWRD VLJQLILFDQWGHFUHDVH
LQ ERWK VWUHVV DW \LHOG DQG FRPSUHVVLYH PRGXOXV 7KLV
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PRUSKRORJ\ 7KH PRUH RSHQ SRURVLW\ PHDQV WKDW WKHUH LV
VRPH³UHGXQGDQW´PDWHULDODWWKHHGJHVRIWKHVFDIIROGZKLFK
ZLOO QRW EH ORDG EHDULQJ  +RZHYHU IRU D UHODWLYHO\ VPDOO
VDFULILFH LQ PHFKDQLFDO SURSHUWLHV WKH KLJKHU RSHQ SRURVLW\








3/$ VFDIIROGVZHUH LPPHUVHG LQ 3%6 IRU ZHHNV DQG DW
ZHHNDVPDOOS+GHFUHDVHZDVREVHUYHG)LJ7KLVFRXOG
SRVVLEO\ EH DQ LQGLFDWRU RI SRO\PHU GHJUDGDWLRQ DV WKH E\
SURGXFWV RI 3/$ JHQHUDWH DQ DFLGLF HQYLURQPHQW +RZHYHU
3/$ VFDIIROG ZHLJKW PROHFXODU ZHLJKW DQG FRPSUHVVLYH
SURSHUW\YDOXHVGLGQRWGHFUHDVHIRUZHHNVVXJJHVWLQJWKDW
WKH VFDIIROG GLG QRW GHJUDGH VLJQLILFDQWO\ RYHU WKH  ZHHN
SHULRG  7KH LQFUHDVH LQ FRPSUHVVLYH PRGXOXV DW ZHHN  LV
FRQVLGHUHGWREHDQRPDORXV
5. Conclusions  
$GGLWLYH PDQXIDFWXULQJ LQ SDUWLFXODU WKH ))) ORZFRVW
V\VWHP XVHG LQ WKLV ZRUN LV VXLWDEOH IRU IDEULFDWLQJ '
SRURXV VWUXFWXUHV ZLWK FRQWUROOHG SRUH VL]HV RI JUHDWHU WKDQ
PDQGLQWHUFRQQHFWHGSRURVLW\
/DVHU FXWWLQJ RI ' SULQWHG 3/$ VFDIIROGV GLG QRW DIIHFW
WKHPROHFXODUZHLJKW DQG WKHUPDOSURSHUWLHVRI WKHSRO\PHU
EXW GLG VOLJKWO\ GHFUHDVH LQ WKH PHFKDQLFDO SURSHUWLHV E\
UHPRYLQJ WKHFDSDFLW\ IRU VRPHPDWHULDOZLWKLQ WKH VWUXFWXUH
WR VXSSRUW ORDG +RZHYHU WKH 3/$ VFDIIROGV FRPSUHVVLYH
SURSHUWLHV ZHUH IRXQG WR EH DSSURSULDWH IRU WUDEHFXODU ERQH
DSSOLFDWLRQV
$IWHUEHLQJLPPHUVHGIRUZHHNVLQ3%6DW&ODVHUFXW
3/$ VFDIIROGV GLG QRW VKRZQ DQ\ VLJQLILFDQW GHFUHDVH LQ
ZHLJKWFRPSUHVVLYHSURSHUWLHVDQGPROHFXODUZHLJKW
2YHUDOO WKH  VWHS PDQXIDFWXULQJ URXWH XVHG LQ WKLV ZRUN




7KH UHVHDUFK UHSRUWHG LQ WKLV SDSHU KDV EHHQ SDUWO\ IXQGHG
WKURXJK0H'H,QQRYDWLRQWKH(365&&HQWUH IRU,QQRYDWLYH
0DQXIDFWXUHLQ0HGLFDO'HYLFHV WKH$UWKULWLV5HVHDUFK8.
7LVVXH (QJLQHHULQJ &HQWUH WKH (& )3 5(6725$7,21










%RQH 7LVVXH (QJLQHHULQJ 5HFHQW $GYDQFHV DQG
&KDOOHQJHV &ULWLFDO UHYLHZV LQ ELRPHGLFDO
HQJLQHHULQJ40S
 0ROORQ % HW DO 7KH FOLQLFDO VWDWXV RI FDUWLODJH





 *UD\VRQ:/ HW DO(QJLQHHULQJ FXVWRPGHVLJQHG
RVWHRFKRQGUDO WLVVXH JUDIWV 7UHQGV LQ
%LRWHFKQRORJ\26S




SRO\PHU VFDIIROGV YLD PLFURFRPSXWHG WRPRJUDSK\
LPDJLQJ%LRPDWHULDOV25S
 0XUSK\ &0 DQG )- 2
%ULHQ8QGHUVWDQGLQJ WKH
HIIHFWRIPHDQSRUHVL]HRQFHOODFWLYLW\LQFROODJHQ
JO\FRVDPLQRJO\FDQ VFDIIROGV &HOO $GKHVLRQ 	
0LJUDWLRQ4S
 +ROPHV % HW DO 'HYHORSPHQW RI 1RYHO 7KUHH
'LPHQVLRQDO 3ULQWHG 6FDIIROGV IRU 2VWHRFKRQGUDO
5HJHQHUDWLRQ 7LVVXH (QJLQHHULQJ 3DUW $ 
21S
 .RUSHOD - HW DO %LRGHJUDGDEOH DQG ELRDFWLYH
SRURXV VFDIIROG VWUXFWXUHV SUHSDUHG XVLQJ IXVHG
GHSRVLWLRQ PRGHOLQJ - %LRPHG 0DWHU 5HV % $SSO
%LRPDWHU101S
 )URQH $1 HW DO 0RUSKRORJ\ DQG WKHUPDO
SURSHUWLHV RI 3/$±FHOOXORVH QDQRILEHUV FRPSRVLWHV
&DUERK\GUDWH3RO\PHUV91S
 'LHWPDU ' && 6DQGUD DQG 5 'RPLQLN
6XLWDELOLW\ RI 3/$7&3 IRU IXVHG GHSRVLWLRQ
PRGHOLQJ5DSLG3URWRW\SLQJ-RXUQDO18S

 7DQDND < HW DO 7KH RSWLPL]DWLRQ RI SRURXV
SRO\PHULF VFDIIROGV IRU FKRQGURF\WHDWHORFROODJHQ




' 7LVVXH (QJLQHHULQJ 6FDIIROGV LQ WK .XDOD
/XPSXU ,QWHUQDWLRQDO &RQIHUHQFH RQ %LRPHGLFDO
(QJLQHHULQJ  1 2VPDQ HW DO (GLWRUV 
6SULQJHU%HUOLQ+HLGHOEHUJS
 'RPLQJRV 0 HW DO (IIHFW RI SURFHVV SDUDPHWHUV
RQ WKHPRUSKRORJLFDO DQGPHFKDQLFDO SURSHUWLHV RI
' %LRH[WUXGHG SRO\¦ϋFDSURODFWRQH VFDIIROGV
5DSLG3URWRW\SLQJ-RXUQDO18S
 *KDVVHPLHK ( 0RUSKRORJ\ DQG FRPSUHVVLRQ




FHOO FXOWXUDO UHVSRQVH RI SRO\FDSURODFWRQH VFDIIROGV




WLVVXH HQJLQHHULQJ 0DWHULDOV 6FLHQFH DQG
(QJLQHHULQJ55HSRUWV80S
